INTRODUCTION
The inclusion of children in biobank research is considered important for the advancement of pediatric health care. [1] [2] [3] [4] [5] A biobank can be defined as a collection of human biological samples stored for medical-scientific research purposes, usually linked to phenotypic data in one way or another. [6] [7] [8] Hence, the primary goal of biobanks is to facilitate research, not to provide medical care. The inclusion of children in biobanks brings forward specific ethical issues. Notably, at the moment of inclusion, children are not able (and legally not allowed) to give consent and they are considered a vulnerable research population. In order to provide children with adequate protection against harm, appropriate safeguard measures are needed.
In current guidelines, assent is an often mentioned ethical requirement for the inclusion of children in biomedical research. [9] [10] [11] Also, the European Society of Human Genetics (ESHG) considers assent an important condition for the inclusion of a child's material in biobanks, as they put forward in a recent policy statement. 12 With regard to the different types of pediatric biobanks, the prevailing view is that assent should be obtained when possible. 3, [13] [14] [15] [16] [17] [18] [19] However, though many emphasize the importance of assent, few explain how they understand the concept and few have elaborated on the underlying grounds of assent and its role in pediatric biobanks. 20 This is not surprising as no consensus exists about how assent should be interpreted and implemented in biomedical research. [21] [22] [23] [24] [25] [26] [27] [28] The importance of conducting ethically sound pediatric biobank research 29 and the rapid developments in this field stress the need to scrutinize the concept of assent in pediatric biobank research. 14, 18 Here, we will provide a conceptual analysis of assent, discuss the different underlying ethical principles and its, in our opinion, most tenable interpretation in pediatric research. In addition, we will consider how it should be implemented in biomedical research.
INTERPRETATION OF ASSENT: POTENTIAL UNDERLYING GROUNDS
Assent is a relatively young term in research ethics. Although it already appeared in a report by the US National Commission for the Protection of Human Subjects of Biomedical and Behavioral Research in 1977, 27, 30 it was only introduced in the 5th version of the Declaration of Helsinki in 2000 (the statement of the World Medical Association of ethical principles for medical research with human participants). 9, 31 In the past years, different underlying grounds for the attainment of assent have been put forward in the literature. They can broadly be divided into two categories. The grounds in the first category appear to be derived from informed consent. Assent is interpreted and used here by analogy of informed consent, as a kind of copy or imitation. By contrast, the second category of grounds allocate assent with a specific task and present it as a concept distinct from informed consent.
Category I--derived from informed consent
The grounds of the first category are similar to underlying reasons for obtaining informed consent, particularly 'respect for autonomy' and 'protection of the research participant' . 32 Concerning the first ground, 'respect for autonomy' , it needs to be taken into account that a person must have the capacity to make autonomous decisions before she is thought of as an autonomous person. Children are deemed to have insufficient decision-making capacities and are therefore, in general, not regarded as autonomous persons. As their cognitive development is incomplete, they are considered to lack an adequate understanding of the research proposal. In addition, they seem more vulnerable to the influences of their surroundings (eg, parents), and the voluntariness of their decisions is at least questionable. 33 However, typical for children is that this incapability is temporary, as their capacity to make autonomous decisions develops as they grow older.
When grounding assent in 'respect for autonomy' , assent can only be reserved for those children who are capable of making autonomous decisions about research participation. Children will need to reach a certain threshold before they can be asked to assent. The setting of this threshold is a subject of discussion. It is unclear what a child should understand in order to make an autonomous decision about research participation and also when a child reaches this level. 34 For instance, it has been suggested that children should be capable of understanding the risks, benefits and the procedure, 35 or that they should be capable of understanding altruism. 36 A second ground for assent that has been put forward in the literature is the 'protection rationale' . 20 It is in line with the reasoning behind informed consent and refers to the capacity of a person to protect herself against harm by having control over what happens to her. In research with children, the protective function of informed consent is usually considered to be warranted by the requirement of parental permission, combined with more strict regulations about acceptable risks, the supervision of research ethics committees (REC) and the responsibility of clinicians/researchers. [37] [38] [39] As proxies could misjudge the impact or distress of a study on a child, there remains a role for the child to protect herself as well. However, this role rather takes the shape of 'dissent' 36,40 instead of assent, and is linked to the widely supported view that the dissent (or distress) of a child should always be respected, at least when the research does not offer potential benefits directly to the child. 9, [39] [40] [41] Although respect for dissent is generally accepted, there is a lack of clarity about dissent as well, particularly regarding the question when opposition counts as valid dissent. 42 It has been argued that not every sign of dissent should be treated this way, but that first the reason behind the dissent needs to be uncovered. 36 For example, when the objection of the child has nothing to do with distress for the study but she rather wants to play in the playground, this should not be interpreted as dissent. 43, 44 In addition, it is not clear how the silence of a child should be interpreted. Some define dissent as opposition or silence, 45 while others refer to it as the absence of assent. 46 We will return to the interpretation of the silence of the child later.
Although in reality instructions for assent are often derived from informed consent, 20, 26 many have objected against grounding assent in the underlying reasons similar to informed consent. 20, 23, 33, 39, [47] [48] [49] [50] When one would ground assent in respect for autonomy, it is one of the two: either children are considered incapable of autonomous decision-making and then it does not make sense to use a concept that requires autonomy, or a child can be considered competent to make autonomous decisions and then it would be untenable not to grant the child the same level of control as an adult, at least from an ethical perspective. In that case, the informed consent procedure could be expanded to apply to competent children as well. 51 Protection against harm, the second ground, seems to be safeguarded mainly in other ways than assent: parental permission, more strict regulations about acceptable risks, the supervision of RECs, the responsibility of clinicians/researchers and respect for dissent. To conclude, assent derived from informed consent does not seem to have a real added value.
Category II--engagement grounds Other grounds that have been put forward for assent lead to a more distinct role for assent. The first ground in this category, respect for the child and its developing autonomy, 23, 24, 33, 39 has also been referred to as the 'development' rationale. 20 Supporters of this view generally argue that the principle of respect for a person requires that children are empowered to participate in decision-making to the extent of their capacity. As, in general, a child's capacities will develop as it grows older, its role in the decision-making process should increase as well.
A second, closely related, ground is the promotion of or the support for the development of the child. Assent in this way should be understood as a tool or a means to educate. In this case the obtainment of assent contributes to the child's upbringing and moral education. It has been suggested that through assent, different lessons can be passed on during participation in biomedical research, such as fostering autonomy, teaching altruism and supporting selfconfidence. 20, 30, 33, 48, 50, 52 The third ground in this category considers assent as a support for communication between the researcher and the child. 20 An assent requirement most likely incites the researcher to provide research information to the child. 52 As a result, the child's trust towards the researcher may be promoted, which in turn can lead to a better researcher-child relationship. 46 This is especially important when the researcher is also the treating physician.
As these grounds from the second category do justice to the specifics of childhood, they are more appealing and have more added value. Assent understood in this way focuses on the involvement or engagement of the child in the decision-making process and has been referred to as the 'development' rationale. 20 
IMPLEMENTATION OF ASSENT: ITS POTENTIAL CONTENT AND PROCESS
Thus, we concluded that assent should be understood from an engagement point of view. The aim is a child's involvement in the decision-making process. The next step is to determine how assent should be designed in order to reach this goal. Two important elements of assent are the content, that is, which information will be discussed, and the process, that is, how the information will be discussed and which reaction will be considered assent. 33, 39 Concerning the content of assent, there are different levels of information that a researcher can present to a child, ranging from basic information to a content that resembles the information that would be presented to a competent adult. 24 When the goal is to engage the child in the decision-making process, it follows that the amount of information should be adjusted to the developmental level of the child. It is therefore important to realize that the content of assent should be considered dynamic, not fixed. This may mean that the information provided can range from, for example, the procedure of blood drawing to concepts referring to altruism or returning individual research results. 53, 54 An estimation of the appropriate amount and type of information should be made before the assent procedure takes place, for example, preparing of written information pamphlets for children. However, during the assent procedure it should be assessed whether the information was appropriate for the individual child. It may, for instance, be necessary to explain the information in an easier way to some children, while others would like to have extra information. 55 In the process of the obtainment of assent, the manner of information disclosure and the reaction of the child are of great importance. First, it has been the subject of discussion whether research information should be communicated in written and/or verbally. 35 As disclosing information in both ways increases understanding of the child, 35 it is preferable to use both methods in such a way that they supplement each other. 56 Obviously, this should also be adjusted to the child and written information should only be provided when the child is able to read. In addition, other techniques can be used as well, for example, pictures to clarify the verbal information, but additional studies should be performed to optimize understanding. 57 Second, it is important to decide which reaction of the child is sufficient for assent. Two themes of importance here are, the interpretation of silence and whether or not a signature is required. As discussed, it is unclear how silence should be interpreted. When we address this question in the light of assent founded in engagement grounds, it seems convincing that silence should not be considered sufficient for assent, except when it is paired with a non-verbal reaction such as nodding. When the goal is to truly engage children, it would be inconsistent to treat 'no-reaction' as assent. Second, the requirement of a signature has been the subject of discussion. It has been recommended that a signature should be obtained when the child is able to provide it. 41 No clear motivation was provided by the authors so we can only speculate, but this requirement could have been set in order to motivate the researcher to include the child in the decision-making process or because it is a clear and explicit requisite. However, it is also stated that a signature should not be the focus of an assent procedure. 24 A requirement for a signature could make the assent procedure more rigid and could disturb the relational aspect. 46 In addition, when a signature would be a requisite, there is a risk of focusing too much on merely the signature as it can be a form to protect the researcher against legal claims. Therefore, we think a signature should not be a strict requirement for assent procedures.
IMPLICATION: PERSONALIZED ASSENT
Both elements, the content and the process of assent, need to be adjusted according to the child's capabilities and the study at hand in order to accomplish optimal engagement. This implies that there is no 'one-size-fits-all' assent procedure for all children in research. 34 Different elements should therefore be assessed in order to determine the child's capacity to assent. When the development of children is considered to evolve in stages, 58 age can easily be used to categorize children into groups, as is also the case at the moment. Assent can be adjusted in accordance to the expected development, for example, to offer information for the different age categories. Although this approach has a practical advantage, it can be criticized as well. Linking a child's capacity solely to age would not do justice to the individual differences between (the development of) children. 39 Factors such as individual circumstances, life experiences, emotional and psychological maturity, intellectual capabilities and the child's family have all been put forward as elements that should be taken into account in the assent procedure. 15, 25, 33, 45, 47, 59, 60 We therefore arrive at a more individualized or case-by-case approach. 15, 55, 59 This can be referred to as personalized assent. A similar line of reasoning can be found in the Gillick competency judgment, insofar as they both assess the maturity and competency of the child. The concept of the Gillickcompetent child refers to a child below the age of 16 who is considered mature enough to be legally allowed to give consent to a clinical procedure. 61 It has been proposed that the concept of Gillick competency can be applied to pediatric research as well. 62 For personalized assent an (inter)active structure of assent is required -the content and the process needs to be adjustable to the individual child and assent should be thought of as an ongoing process instead of a single act. In addition, personalized assent possibly effects the issues of recontact and reconsent. However, the exact implications are complex and beyond the scope of this paper.
The requirement of a personalized assent gives rise to a dilemma. As the potential level of engagement will be different in each case, fixed end-points are difficult to determine. Instead, accepting a child's right to personalized assent implies a researcher's duty to commit herself to involve a child in the decision-making process as much as possible. We are aware that the demandingness of this duty is difficult to determine. It raises the question which efforts are reasonable to expect from researchers to engage a child in the decision-making process. As the assent procedure should be adjusted to the child's capabilities and the study at hand, it is difficult to formulate a general answer to this question. It would be more appropriate to address this issue by discussing specific research areas and cases.
CONCLUSION
Although many consider assent an important ethical requirement for the inclusion of children in biobanks, as is recently shown by the ESHG, few explain how they define and interpret assent. In this paper, it is argued that assent should be understood from engagement grounds in order to do justice to the characteristics of childhood. It follows that both the content and the process of assent should be adjusted to the individual child and study, which can be referred to as personalized assent. Although fixed end-points are appealing from a practical perspective, it is difficult to provide these with assent interpreted from an engagement point of view. Further discussion is needed to provide a concrete filling in of the duty to seek personalized assent in pediatric biobanking. Nevertheless, at this point, we make an old-fashioned appeal to the moral integrity and responsibility of the researcher with this contemporary interpretation of assent.
